BACKGROUND: Administrative claims data are used for a wide variety of research and quality assurance purposes. Despite their utility, they are prone to medication exposure misclassification if medications are purchased without utilizing an insurance benefit. Low-cost generic programs (LCGPs) offered at major chain pharmacies are a relatively new and sparsely investigated source of exposure misclassification. Since they were implemented in 2006, LCGPs are now available at 8 of the 10 largest pharmacy chains and include a wide variety of medication classes. LCGP medications are often purchased out of pocket; thus, a pharmacy claim may never be submitted and exposure may go unobserved in claims data. There are little data regarding the utilization of these programs, and estimates of their use can provide important insights into the potential impact LCGPs may have on exposure misclassification in claims data.
RESULTS: Out of the entire study cohort (N = 19,037), 6,921 (36.4%) individuals were identified as LCGP users, representing 34 million LCGP users annually. Users tended to be older, had higher Charlson Comorbidity Index scores, filled more prescriptions per person, and used more unique medications. Proportions of LCGP users and uses nearly doubled from 2007-2011, while total prescription utilization per person remained relatively stable. Over 10% of all prescription fills were filled through LCGPs. Of all LCGP fills, approximately 42% were for cardiovascular medications, 12% for antidiabetics, and 14% for levothyroxine. Greater than 30% of fills for antigout, metronidazole, angiotensin-converting enzyme inhibitors, levothyroxine, metformin, and diuretics were obtained through LCGPs, as were 18 .9% of all warfarin fills. Compared with the reference category
• Administrative claims data maintained by managed care organizations are used for a variety of research and quality assurance purposes. A major limitation of claims data is unobserved medication use, which may result in medication exposure misclassification.
• Low-cost generic programs (LCGPs) have been estimated to be used by 20%-30% of adults with private insurance and include a variety of medication classes used to treat many common acute and chronic conditions. • When a medication is purchased through an LCGP, a claim may never be submitted and the medication use may go unobserved in administrative claims data.
What is already known about this subject
• In a nationally representative cohort of privately insured adults, this study found that 36.4% of patients filled a prescription through an LCGP and that over 10% of all prescription fills from 2007-2011 were obtained through these programs. The proportion of privately insured adults using these programs has increased since 2007, from 21.5% up to 35.2% in 2011.
• Significant predictors of LCGP use included older age, female sex, higher comorbidity burden, having prescription drug coverage, and using multiple unique medications.
Since insurance claims may never be submitted when individuals purchase medication through LCGPs, privately insured adults who use these programs are subject to exposure misclassification in administrative claims data. Considering the uses of administrative claims data by managed care organizations, including Healthcare Effectiveness Data and Information Set (HEDIS) measures and other quality-reporting standards, 1 it is prudent to fully assess the use of these programs in the insured population. This study sought to describe the trends of LCGP use in a nationally representative cohort of privately insured adults and to analyze characteristics of LCGP users and medication use attributed to these programs.
■■ Methods Data Source
This study relied on publicly available data from the Medical Expenditure Panel Survey (MEPS) from the years 2007-2011. MEPS is a nationally representative survey of individuals living in the United States that collects data regarding demographics and clinical conditions and healthcare and pharmaceutical utilization. MEPS uses an overlapping panel design with a new panel of participants added each year. Panels are followed for up to 2 years with 5 rounds of data collection occurring during each 2-year period. MEPS is a de-identified public use dataset supported by the Agency for Healthcare Research and Quality (AHRQ) that is intended for research purposes; therefore, it is exempt from institutional review board approval.
Study Population and Design
A cross-sectional study design over the years 2007-2011 was used to compare LCGP users and nonusers. Inclusion into the study cohort required that individuals were aged 18-64, had private insurance, participated in all 5 rounds of data collection, and reported using at least 1 prescription medication during the 2-year period. Individuals with Medicare and Medicaid or with more than one insurance type were excluded due to the potential variation in prescription drug benefits. Additionally, the Medicare drug benefit has other factors that warrant specific consideration, including the "donut hole" and coverage limits, and was deemed outside the scope of the current study. An individual's age was recorded as their age at the last round of data collection.
Pharmaceutical utilization was assessed at the individual level for each year of the study period. Pharmaceutical data in MEPS "Prescribed Medications" data files include drug name, National Drug Code (NDC), round supplied, strength, and quantity dispensed. Each prescription fill included in the MEPS dataset also includes information regarding the amount paid by the individual out of pocket and the amount contributed by other sources. Pharmacy data are collected at the pharmacy level so prescription fills are captured irrespective of whether an insurance claim was submitted.
T he usefulness and limitations of administrative claims data for drug utilization studies, pharmacovigilance, health policy research, benefit design, and quality assurance are well established. [1] [2] [3] [4] [5] Exposure misclassification is a major limitation of administrative claims data for studies investigating the benefits or harms of medication exposure or efforts to measure adherence to medication therapy. Misclassification of drug exposure may occur when an individual acquires a medication outside of their prescription drug benefit. Common sources of misclassification include individuals not ingesting filled prescriptions, free samples provided by physicians, medications obtained but not covered under a drug benefit, paying for drugs out of pocket, and over-the-counter medications. 1, 3, [6] [7] [8] [9] Low-cost generic programs (LCGPs) are a sparsely investigated source of exposure misclassification.
LCGPs first appeared in late 2006, with Kmart providing 90-day supplies of certain generics for $15 and Walmart offering 30-day supplies for $4. 10 Since then, almost all major pharmacy chains have implemented LCGPs, including 8 of the top 10 largest chain pharmacies, which are heterogeneous regarding costs and medications included, as well as some requiring annual membership fees. 4, 10, 11 These programs include a wide variety of medication categories (cardiovascular, antibiotics, arthritis and pain, antidiabetes, mental health, men's and women's health, etc.) and include one-third of the top 100 generics by volume used by Americans. [12] [13] [14] Given the low costs associated with LCGPs, it is often cheaper for individuals to purchase LCGP drugs out of pocket than to pay a $10-$20 copay to receive the medication through a prescription drug benefit plan. 15 LCGPs increase the accessibility and affordability of prescription medications, especially for individuals who lack prescription drug coverage. 1 In 2008, over 70 million Americans were estimated to have used an LCGP to obtain a prescription medication-a figure that has likely expanded as the number and popularity of these programs has increased. 10, 14, 16 A national poll conducted in 2008 found that 21% of privately insured adults reported using LCGPs. 16 In contrast, a 2010 cross-sectional survey found that 31.9% of adults reported LCGP use. 17 However, these studies failed to examine the insurance characteristics of program users and the medications being obtained.
• Over 30% of all fills for antigout medications, metronidazole, angiotensin-converting enzyme inhibitors, levothyroxine, metformin, and diuretics were obtained through LCGPs, as were 18.9% of all warfarin fills. Of all fills through LCGPs, 42% were for cardiovascular medications, 12% for antidiabetics, 14% for levothyroxine, 6% for contraceptives, and 5% for selective serotonin reuptake inhibitors.
What this study adds (continued)

LCGP Use
Three stipulations were used to define LCGP use: (1) the total cost of the drug was paid out of pocket; (2) what proportion of total LCGP uses comprised different drug classes. Second, it made it possible to determine the proportion of prescription fills in each drug class that were obtained through LCGPs.
Participant Characteristics
Cohort demographics and characteristics of interest included age, gender, race, employment status, marital status, family income, education level, residence in a metropolitan statistical area (MSA), prescription drug coverage, geographic region, presence of comorbidities, and number of unique medications. Age, employment status, marital status, income level, and MSA were all assessed at the last round of data collection from the MEPS "Full Year Consolidated" data files. The presence of comorbidities and the number of prescription fills and number of unique medications were summed for each individual over the entire study period. For comparison, the cohort was divided by age categories: 18-34, 35-54, and 55-64. Race was classified as white, Hispanic, African American, Asian, and other. Family income in MEPS is recorded as a percentage of the federal poverty level (FPL) and categorized as <100% of FPL, 100%-124% of FPL, 125%-199% of FPL, 200%-399% of FPL, and ≥ 400% of FPL. Prescription drug coverage was recorded as a binary variable if an individual either reported having a usual third-party payer or was seen to have thirdparty contributions in the pharmaceutical utilization dataset. The presence of comorbidities and comorbidity burden was based on the Charlson Comorbidity Index (CCI) using the adaptation by D'hoore et al. (1996) and was recorded as the sum of the weighted score for each individual and further categorized for scores of 0-1, 2-4, 5-6, and 7 or greater using the MEPS "Medical Conditions" files. 18 Number of prescription fills and number of unique medications were continuous measures of all prescription fills during each participant's 2-year panel period.
Data Analysis
The proportions of LCGP uses and users were tracked from 2007-the first year after LCGP implementation-to 2011-the most recent year of data available from MEPS. These proportions were compared with overall pharmaceutical utilization for users and nonusers over the same time period.
Comparisons were conducted for each of the studied cohort characteristics between LCGP users and nonusers identified during the 2007 to 2011 time period using chi-square or t-tests for categorical and continuous variables, respectively. Multivariable logistic regression was used to identify factors associated with LCGP use. Adjusted odds ratios (AORs) and 95% confidence intervals (CIs) were reported. All data analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC) and implemented SAS procedures (SURVEYMEANS, SURVEYFREQ, SURVEYLOGISTIC), which take into account the complex survey design of MEPS and use the survey weights to report population estimates. This manuscript was drafted in concordance with the STROBE guidelines for reporting observational research studies. User and nonuser demographic characteristics are presented in Table 1 for the study sample and for the population estimates. LCGP users tended to be older, with a greater proportion of LCGP users in the 55-64 year age group (29.6% of users vs. 19.9% of nonusers, P < 0.001) and had a median age almost 5 years greater than nonusers (46.9 vs. 41.8 years, data not shown). The user group also had a significantly greater proportion of individuals who were female (60.4% vs. 52.8%, P < 0.001), had prescription drug coverage (98.1% vs. 95.1%, P < 0.001), were unemployed (15.9% vs. 13.8%, P < 0.001), and were married (65.0% vs. 62.1%, P = 0.008). Less than 10% of the nonuser group had a CCI score greater than 1 compared with the LCGP user group, where 21.2% had a CCI score greater than 1 (P < 0.001).
Medication Use
The total study cohort (N = 19,037) filled 376,680 medications during the study period. Prescription utilization differed significantly for LCGP users and nonusers. Over the entire study period, LCGP users filled a median of 22 Figure 3 shows medications and medication classes that are available through LCGPs and the proportion of these categories that were filled via LCGPs. Greater than 30% of fills for antigout medications, metronidazole, ACE inhibitors, levothyroxine, metformin, and diuretics met the criteria for LCGP fills. Between 20% and 30% of prescriptions for tricyclic antidepressants, sulfonylureas, steroids, beta blockers, and anti-infectives (antifungals, cephalosporins, penicillins, fluoroquinolones, sulfamethoxazole-trimethoprim, tetracyclines, and topical anti-infectives) also met the criteria for LCGP fills. Of all prescriptions obtained through LCGPs, approximately 42% were for cardiovascular drugs (ACE inhibitors, statins, angiotensinreceptor blockers, calcium channel blockers, nitroglycerin, beta blockers, alpha antagonists, diuretics, antiarrhythmics), 14% for levothyroxine, 12% for antidiabetic medications (metformin and sulfonylureas), 6% for contraceptives, and 5% for selective serotonin reuptake inhibitors (Figure 4) .
Determinants of LCGP Use
Cohort demographics and dummy variables for each study panel and the number of unique medications used were included in a multivariable logistic regression model. After adjusting for all covariates, age, gender, prescription drug coverage, income category, CCI score, region, panel year, and number of unique medications all significantly predicted LCGP use. Odds ratios and 95% CIs for the significant variables are presented in Table 2 . 
Prescription Utilization and LCGP Use from 2007-2011
Note: Proportion of LCGP fills = number of LCGP fills/total number of fills for medications available through LCGPs. LCGP = low-cost generic program.
Prevalence of Low-Cost Generic Program Use in a Nationally Representative Cohort of Privately Insured Adults
■■ Discussion
Our study found that more than 1 in 3 privately insured adults filled a prescription through an LCGP during the 2007-2011 study period. While the proportion of LCGP medication fills and LCGP users increased dramatically over the study period, the number of total prescription fills per person per year remained relatively stable. Thus, the increasing use of LCGPs cannot be attributed to greater pharmaceutical utilization in general-rather, it is likely due to expansion in the number of LCGPs available, an increase in the number of medications offered, and an increase in popularity and knowledge of these programs.
Our results confirm the findings of several previous studies. One study used laboratory monitoring claims as a surrogate for warfarin use. 20 This study determined that the percentage of warfarin fills that failed to appear in an administrative claims dataset increased from 8.4% in 2003 to 10.5% in 2007 and up to 12 .8% in 2009. 20 Our study confirmed this trend but found a much greater increase in potentially misclassified warfarin fills. In our findings, 10.8% of warfarin fills met the criteria for LCGP fills in 2007, which increased to 16.5% in 2009. Over our entire study period, which also included medication use in 2010 and 2011, 314 out of 1,657 (18.9%) warfarin fills met the criteria for LCGP use. Assuming LCGP use is indicative of exposure misclassification, this comparison shows that our definition of LCGP use was robust and consistent when compared with other studies that used surrogate indicators of medication use.
Another study examined the prevalence of LCGP use in a privately insured adult population and found that 21% of privately insured adults reported LCGP use in 2007. 16 A different cross-sectional survey reported that the prevalence of users in 2010 was 31.9%. 17 However, these studies suffered from several important shortcomings that were avoided in our study design. The 2008 survey relied on a national poll; however, they do not present summary statistics for the study cohort nor do they investigate specific medication use or demographic differences between users and nonusers. 16 Similarly, the 2011 survey relied on a convenience sample of only 163 individuals and failed to differentiate participants based on insurance status. 17 Our study presents a more robust estimate of LCGP use because it avoids these limitations and relies on a large, nationally Older age was a significant predictor of LCGP use. Compared with the reference category aged 18-34, adults aged 35-54 were 39% more likely to be LCGP users (95% CI = 1.29-1.50) and adults aged 55-64 were 86% more likely to be users (95% CI = 1.70-2.04). Females were significantly more likely than males to use LCGPs (AOR = 1.42 [95% CI = 1.33-1.51]). Compared with individuals without prescription drug coverage, adults with prescription drug benefits were 96% more likely to be LCGP users (95% CI = 1.64-2.35). Compared with individuals with CCI scores ≤ 1, those with CCI scores from 2-4 had increased odds of being LCGP users (AOR = 2.29 [95% CI = 2.10-2.51]), as did those with CCI scores from 5-6 (AOR = 2.79 [95% CI = 1.79-4.36]); however, no significant difference was observed for individuals with a CCI score ≥ 7. Each additional unique medication used increased the odds of LCGP use by 18% (95% CI = 1.17-1.19). Individuals resid- contribute significant adverse outcomes and require close monitoring for safety and efficacy or for important drug-drug or drug-disease interactions to go unnoticed in automated safety alert systems. For studies that attempt to quantify the risk of these medications, our results show that a large number of uses may go unaccounted for. Thus, the true risk may be underestimated, as a misclassification of harmful medication exposure will most often bias the association between medication use and medication harm toward the null. [22] [23] [24] These results can be used by researchers to gauge the magnitude of exposure misclassification that may be present in claims studies due to LCGPs and account for these estimates in sensitivity analyses. These measures may be even more important in studies investigating medication use in subgroups found to use LCGPs more frequently, including females, older individuals, and persons who utilize more medications.
Proportion of Total Fills for Each Medication Class Filled Through LCGPs
From a patient perspective, low-cost generics increase access to affordable medications. 4, 14, 25 Especially for those without insurance coverage, LCGPs may be the only source to effective medications. Although insured individuals also stand to benefit from LCGPs, these programs introduce the chance that the added protections (i.e. surveillance for drug interactions, etc.) provided by the claims-adjudication process may representative sample and provides a complete picture of medication use in the population.
We chose MEPS as a data source as it gathers information directly from participants' pharmacies for all medications regardless of a claim being submitted to a third party. MEPS also includes payment information from all sources, including out-of-pocket payment and payment from third parties, and removes the chance of recall bias typical of most surveys of medication use. 21 MEPS additionally allows for population estimates based on the sampling weights provided. Thus, our results are generalizable for the entire privately insured adult population.
Medication use in this population included classes with significant risk profiles or medications used to treat serious medical conditions. Much attention is given to adherence to antihypertensive and oral antidiabetic medications as quality metrics of health insurance plans. Based on our findings, a high proportion of uses of each of these classes may go unobserved, which could have a tremendous impact on adherence or health outcomes studies that rely on administrative claims to measure medication utilization. Additionally, in the case of warfarin, anticonvulsants, and other medications with narrow therapeutic windows, these medications have the potential to 
Proportion of All Prescription Fills Through LCGPs and the Medication Classes Acquired
Beta blockers 10%
ACE= angiotensin-converting enzyme; LCGP = low-cost generic program; NSAID = nonsteroidal anti-inflammatory drug; SSRI = selective serotonin reuptake inhibitor.
Non-LCGP LCGP
be circumvented. Likewise, true medication utilization will not be captured in the administrative claims for privately insured individuals who use LCGPs, which may affect the findings of health services research using these data sources. There are several ways to mitigate the potential for exposure misclassification due to LCGPs. If pharmacists file a claim even when patients pay entirely out of pocket, then LCGP use will appear in administrative claims data as a zero-paid claim. When a medication is purchased through an LCGP, pharmacists have no reason to file claims for customers paying out of pocket. Unless commercial insurance companies are able to incentivize this activity in some way, such as covering the LCGP payment as the "usual and customary" price, some information will inevitably be missing from claims datasets. Thus, efforts to address quality assurance and pharmacovigilance should supplement administrative claims research with data from alternate sources. Data sources that are not susceptible to missing claims include publicly available research data such as MEPS or proprietary datasets, which capture claims at the pharmacy level. Future research should compare the exposure profiles of different data sources to determine the completeness of available data and show empiric examples of how this source of exposure misclassification can affect claims-based studies.
Limitations
Our study is subject to several limitations. It may remain possible that not all medication use is recorded if all pharmacies used were not surveyed and because over-the-counter medication is not captured in MEPS. Our study definition of LCGP use may allow for overestimation of use if only pricing is considered. However, this effect is mitigated by requiring specific quantities supplied for oral medications. We chose to focus on privately insured, nonelderly adults as an example of how LCGPs could affect medication utilization in administrative claims data. Individuals with Medicaid insurance would likely have variable utilization, as Medicaid benefits differ from state to state. Likewise, LCGP use among Medicare beneficiaries may also depend on a variety of other unique factors including plan characteristics and the Part D coverage gap, which warrant specific attention. Purchasing medications out of pocket is a wellknown source of exposure misclassification in administrative claims data. This study relies on the fundamental assumption that medications purchased through LCGPs will be paid for out of pocket and thus will be unobserved in claims data.
■■ Conclusions
This study found a high proportion of LCGP users in a nationally representative sample of privately insured adults. Additionally, multiple medication classes used in quality metrics and those with potentially serious effects and narrow therapeutic indices were found to have a high proportion of fills through these programs. Considering the implications for patients and the healthcare system as a whole, managed care organizations should facilitate the reporting of LCGP medication fills so that medication use data are captured and accounted for in quality assurance programs and pharmacoepidemiological research. Future studies should empirically demonstrate the effects of LCGP-related exposure misclassification on the results of claims-based study and the implications for quality assurance. 
